Choices based on exclusion have been investigated in different species because of its emergent nature, leading to evidence of rudimentary symbolic behavior in non-verbal organisms. Simple discrimination procedures provide a simple method to investigate exclusion performance, in which each trial consists of the simultaneous presentation of two stimuli, one with a positive function (S+) and one with a negative function (S-). In exclusion probe trials, an undefined stimulus (UnS) is presented with a familiar S -, and choices based on exclusion may lead to choosing the UnS, excluding the previously known S -. Novelty control trials (S + /UnS) are also conducted to assess the possible preference for the UnS. In this case, if performance is not controlled by novelty, then the subjects must choose the S + and not the UnS. The present study investigated exclusion performance in visual simple simultaneous discrimination tasks in eight dogs. The results indicated that seven of eight dogs showed evidence of exclusion performance (p < .05). These findings corroborate the literature that shows that dogs are capable of responding by exclusion, suggesting that potentially symbolic behavior may rely on basic behavioral learning and conditioning principles.
Introduction
Exclusion performance may be considered an emergent repertoire in which an individual chooses an undefined comparison stimulus upon an undefined sample (Dixon, 1977) . In this case, the individual faces a situation in which only part of the functions exerted by the stimuli have been previously established, but the individual is capable of properly responding to it by excluding the familiar alternatives. For example, in a conditional discrimination task, some stimuli serve as samples, and others serve as comparisons. The latter are conditionally chosen based on the sample. An individual may be trained to choose the comparison stimulus A2 when A1 serves as the sample and choose B2 when B1 is the sample. If a completely novel stimulus, C1, is presented as the sample, and the comparison stimuli are familiar stimuli (e.g., A2 and/or B2) and one novel 
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Isabela Zaine 1 , Camila Domeniconi 1 , and Aline R. A. Costa stimulus, C2, then the individual is capable of correctly choosing the novel stimuli without being directly trained to do so by excluding the familiar options. Studies with humans have shown that participants tend to choose the undefined comparison stimulus, thus responding away from or excluding the stimuli whose functions have already been established (c.f., Dixon, 1977; Dixon & Dixon, 1978; Ferrari, de Rose, & McIlvane, 1993; McIlvane, Kledaras, Lowry, & Stoddard, 1992) .
Responding by exclusion has been suggested to be one of the ways children are able to rapidly acquire and expand their verbal repertoire (c.f., Domeniconi, Costa, de Souza, & de Rose, 2007) by learning new relations between novel stimuli. Procedures that involve responding by exclusion may lead to performance with no errors or fewer errors compared with procedures based solely on trial and error (c.f., Ferrari et al., 1993; de Rose, de Souza, & Hanna, 1996; de Rose, de Souza, Rossito, & de Rose, 1992) . The investigation of exclusion performance in nonhuman subjects is relevant because it may lead to evidence of symbolic behavior in non-verbal organisms. Domestic dogs (Canis familiaris) have been considered especially interesting because of their evident sensitivity to contingencies arranged by humans, in which these contingencies directly or indirectly control access to conditions that make the dog's survival possible, such as food, water, and shelter . Procedures that involve exclusion performance in teaching auditory-visual arbitrary relations in dogs have presented consistent results, supporting the utility of exclusion trials for training different types of training procedures (c.f., Erdöhegyl, Topál, Virányl, & Miklósi, 2007; Kaminski, Call, & Fischer, 2004; Pilley & Reid, 2011) . Kaminski et al. (2004) , for example, investigated exclusion performance in an object retrieval task in a border collie. The objects were seven familiar items and one completely new object. The dog's task consisted of going into an experimental room and retrieving the object that corresponded to the name spoken by the experimenter. In the first trial, the dog was always requested to retrieve a familiar object. In the second and third trials, the experimenter requested the new object. The dog could emit the correct response by excluding the familiar objects and choosing the only unfamiliar one. In seven of 10 sessions, the dog correctly selected the unfamiliar item. The authors argued that, in addition to choosing based on exclusion, the dog was apparently able to relate the unfamiliar word and object without explicit training, showing learning by exclusion of new auditory-visual relations. Pilley and Reid (2011) also conducted experiments with a border collie, investigating learning relations between novel objects and novel oral labels by exclusion. The authors reported that after 3 years of intensive training, the dog learned to relate 1,022 words to their corresponding objects. However, some studies with humans have indicated that responses in exclusion tests may remain under control of novelty itself (McIlvane, Wilkinson, & de Souza, 2000) and that dogs appear to present a natural preference for novel stimuli (Kaulfuß & Mills, 2008) . To evaluate the effects of novelty on the subject's choices, the authors performed a test to calculate the dog's probability of responding to unfamiliar stimuli only because they were new. In this test, unfamiliar and familiar objects were available for retrieval, and the experimenter requested only the familiar ones. In the presence of a familiar spoken word, the dog never selected any of the new objects and always accurately retrieved the familiar objects that corresponded to the verbal request, discarding the possibility of control by novelty. The authors of this study also investigated whether the dog in fact demonstrates learning new relations by exclusion without additional training. They repeated the exclusion tests after 10 min and 24 h. After 10 min, the dog was able to correctly retrieve five of eight unfamiliar objects, but it retrieved only one object after 24 h. Unlike Kaminsky et al. (2004) , who claimed that their subject learned new relations between spoken words and objects by exclusion, these results suggested that choices based on exclusion may be a strategy used to properly respond to certain stimuli, but additional training may be necessary to actually learn and maintain new relations.
The aforementioned studies involved conditional discrimination tasks, but investigating exclusion performance is also possible in less complex tasks, such as simple discrimination. In this case, an individual is trained to differentially respond to stimuli presented in pairs (A1/A2, B1/B2, C1/C2, and so on), in which choosing the stimuli from one set (e.g., set 1) leads to reinforcing consequences, whereas choosing stimuli from another set (e.g., set 2) produces no consequences. The participants learn to choose the stimuli from set 1 and not to choose stimuli from set 2, possibly grouping the stimuli in two different functional classes, one composed of the positive stimuli (S + ) and the other composed of the negative stimuli (S -). Exclusion tests may be conducted by having the participants make a choice between a familiar S -and an unfamiliar UnS. The subject may be able to correctly respond to the UnS by excluding the S -. Aust, Range, Steurer, and Huber (2008) investigated inferential reasoning by exclusion with pigeons, dogs, and humans using only simple discrimination trials. Simultaneous simple discrimination training between four pairs of visual stimuli was conducted using a computer touch screen. In each trial, each stimulus had either a positive (S + ) or negative (S -) function. After training, the experimenters performed two different exclusion tests. In the first test, simple discrimination involved making a choice between a familiar S -and an undefined stimulus (UnS1). In the second test, the participants should select between the previously UnS (UnS1) and a second UnS (UnS2), which was never available previously. The authors argued that responses to the UnS1 in the second test would reflect authentic inferential reasoning by exclusion because the UnS1 had become a part of the positive stimuli class, together with the positive items trained during baseline, whereas responding to the UnS2 would indicate possible control by novelty. In this case, in addition to investigating responding by exclusion, the authors also investigated learning outcomes from exclusion trials, such as including the UnSs in the positive class. The results of both tests led the authors to conclude that the pigeons did not reason by exclusion performance, but half of the dogs did, and all of the adults and most of the children did.
In another investigation of exclusion performance, Costa and Domeniconi (2009) studied how dogs perform in a two-choice task that was possible to solve by exclusion. They conducted an experiment with one dog that involved a visual simultaneous simple discrimination, as in Aust et al. (2008) , but in a naturalistic context, as in Kaminski et al. (2004) . The dog was a 24-week-old male boxer, and training consisted of presenting three pairs of stimuli in 12-trial sessions. In every pair, one stimulus was the S + and the other was the S -. No specific response was shaped, but the experimenters considered that the dog selected an item when it walked toward it and touched, sniffed, or licked it. Responses to the S + were reinforced (i.e., food and petting), and responses to the S -did not produce consequences. After training, two probe sessions were conducted. Probe 1 consisted of exclusion trials (i.e., trials in which the S -was presented in pairs together with three unfamiliar stimuli: S1
-/UnS1, S2 -/UnS2, and S3 -/UnS3). Probe 2 consisted of novelty control trials, in which the S + was presented in pairs with new unfamiliar stimuli (i.e., S1 + /UnS4, S2 + /UnS5, and S3 + /UnS6). The probe trials were simpler than the trials conducted by Aust et al. (2008) because the authors were only interested in investigating the possibility of responding (choosing) by exclusion, despite learning outcomes. As a result, in Probe 1, the dog always chose the UnSs; however, in Probe 2, it chose the undefined items in two of three trials. This performance led to no conclusive data on exclusion performance, but the authors discussed that the lack of a specific response to be emitted by the dog hindered the analysis, thus not permitting differentiation between mere exploratory behavior and actually making a choice. They discussed that in the Probe 2 trials, in which the recorded response was choosing the UnSs, the dog sniffed the UnSs stimuli first and then went to the S + and touched it with the paw. The first response was considered the actual choice, but the authors argued that sniffing the UnSs might have actually been just an exploratory response. To reach more definitive conclusions about exclusion performance in dogs, the present study sought to replicate the procedure of Costa and Domeniconi (2009) with specific topography of responses shaped before training and expanding the number of subjects.
Methods

Subjects
The investigation was conducted with eight pet dogs of different breeds, ages, and sexes recruited from owners. Table 1 presents the characteristics of each subject. 
Setting and materials
The entire procedure took place in the dog owners' houses. Experimenter 2 held the subject in an opening position 3 m (9.8 ft) away from the stimuli at the beginning of every trial. Real objects were used as stimuli (e.g., dog toys or general household objects). In the probe trials, the UnSs were six unfamiliar objects, meaning that the dogs had no prior contact with those specific objects. The owners helped select these items from a predefined array of objects brought by the experimenters to ensure that the dogs had never had previous experience with the objects. Dog treats were used as food reinforcers, and a clicker was used as a conditioned reinforcer. 
Pretraining
Prior to training, two possible responses were shaped: (1) picking the object up with the mouth and bringing it to Experimenter 2, or (2) touching the object with the nose and knocking it over. The medium and large dogs (subjects S2, S3, S7, and S8) were shaped to pick up the objects, and the small dogs (S1, S4, S5, S6) were shaped to touch and knock the objects over. During this phase, the sound of the clicker was introduced as a conditioned reinforcer.
General procedure
The basic tasks consisted of simple simultaneous discrimination trials between two items, always presented together in the same pair. The experimenters positioned themselves facing one another, and one of the experimenters was responsible for positing the stimuli (Experimenter 1 in Figure 1 ) and the other (Experimenter 2) was tasked with releasing the reinforcers (clicker and food) and repositioning the dog in the same opening position at the beginning of each trial. The specific positions of the stimuli in each trial were predetermined by five different protocols generated by command-line software, so that the sequence of the trials was never the same in consecutive sessions. During the training sessions, all of the objects were presented in pairs, in which one of them had a positive function (S + ) and the other had a negative function (S -). Choosing the S + was considered a correct response and immediately followed by the sound of the clicker and release of small portions of dog food, verbal praise, and petting. No consequences were programmed for incorrect responses (i.e., choosing the S -). Another trial began after a 5-10 s interval. No performance correction procedures were used. The required response was for the subjects to choose one of the two stimuli by touching it with its nose or picking it up after the verbal command "Fetch." After each trial, the dog was repositioned by a voice command or direct handling at an opening position until the beginning of the next trial. Each session consisted of 12 trials and took an average of 8 min to complete. Because of dogs' sensitivity to some human social cues (Cooper, Ashton, Bishop, West, Mills, & Young, 2003; Dorey, Udell, & Wynne, 2009; Hare, Call, & Tomasello, 1998; Horowitz, 2009; Ittyerah & Gaunet, 2009; Miklósi, Polgárdi, Topál, & Csányi, 1998; Riedel, Schumann, Kaminski, Call, & Tomasello, 2008) , some variables were controlled in all of the training and probe sessions: (1) the experimenters stood at a location equidistant from both stimuli to avoid the possibility of subjects' choosing between stimuli based on the experimenter's proximity to one or the other stimulus, (2) the experimenters kept their hands behind their backs to avoid pointing to any stimuli, (3) the experimenters wore sunglasses to avoid direct gazes, (4) the experimenters maintained their heads in a straightforward position to avoid cues based on the direction of the head. Moreover, to avoid other unintentional cues, during all of the training sessions, one experimenter was responsible for placing the stimuli and, therefore, faced the subject. In the probe sessions, the other experimenter placed the stimuli.
Experimental Sequence
Baseline training
The stimuli used during baseline were familiar to the subject. Three familiar objects were given the S + function (A1, B1, and C1), and the other three objects were given the S -function (A2, B2, and C2). Baseline 1 involved simple discrimination training with the first pair of stimuli (A1 + /A2 -). Each training session was composed of 12 trials. The learning criterion for this phase was two consecutive sessions with no more than one error per session. The binomial probability of getting at least 11 correct responses in 12 trials was p = .002, and the probability of this performance in two consecutive sessions was p = .000009. This means that the performance required to reach the learning criterion was significantly above what would be expected by chance (p < .05). After this criterion was met, Baseline 2 training was initiated, which introduced discrimination training between a second pair of stimuli (B1 + /B2 -). The learning criterion was the same as the first baseline training. Baseline 3 comprised simple discrimination trials previously trained in Baseline 1 and 2. The criterion in this condition was three consecutive sessions with no more than one error in each session. In Baseline 4, a third pair of stimuli was introduced (C1 + /C2 -), following the same criterion as Baselines 1 and 2. Finally, Baseline 5 comprised trials from all three pairs of stimuli trained in a single session and followed the same learning criterion as Baseline 3. After completing all of the baseline trainings, probe sessions were conducted.
Probe sessions
Two different probe sessions were conducted. Each consisted of 12 trials: three probe trials interspersed among nine baseline trials. Probe 1 trials assessed choices based on exclusion and involved discriminating between the familiar S -and UnSs (A2 -/UnS1, B2 -/UnS2, and C2 -/UnS3). Considering baseline training, in which responding to the S -never produced reinforcement, the expected pattern of choosing by exclusion would be to respond to the UnSs. Probe 2 consisted of novelty control tests and involved discriminating between the S The goal of this kind of probe was to verify whether the responses to the UnSs in the Probe 1 trials were under control of novelty or based on the functions attributed to the stimuli during baseline training. In the first case, choosing the UnS would be expected; in the second case, choosing the S + would be expected. In both probe sessions, baseline trials could be reinforced in cases of correct responses, although the probe trials were never reinforced.
Results
Baseline Training
All of the dogs met the learning criteria established for each baseline training, with some variation in the total number of training sessions required for each animal. On average, it took four training sessions (SD = 3) in each training phase before the learning criterion was met. Only subjects S5 and S8 needed more training sessions than the group average (S5: = 6; S8: = 4.5). Figure 2 depicts the number of sessions performed by each subject in each baseline training individually, average number of baseline sessions for the group in each baseline training, and average number of sessions performed throughout all of the training for all the subjects as a group. The analysis of group performance in each baseline training showed that the average number of sessions needed to reach the learning criteria was very close to one another, varying from 3.5 to 4.5. Furthermore, from the second baseline training to the last baseline training, the group's average number of sessions performed progressively dropped. The nonparametric Kruskal-Wallis test revealed no statistically significant differences in performance in each baseline training, with an α = .05 probability of error (H = 2.9, p = .565), indicating that learning all of the discriminations between different pairs of stimuli was similar to each other. In other words, the three simple discriminations required were not easier or harder to learn compared with one another, and performance did not differ as a function of the number of different simple discriminations present in the same session (i.e., one, two, or three).
Probe Sessions
Probe 1 consisted of the exclusion trials (S -/UnS), and Probe 2 consisted of the novelty control trials (S + /UnS). Exclusion performance may be inferred by choices of the UnSs in Probe 1 trials, excluding the familiar stimuli with a negative function. The possibility of responding to UnSs simply because of control by novelty may be rejected if the subjects responded to the positive stimuli instead of the new undefined stimuli in Probe 2 trials. The results showed that in Probe 1, five of eight subjects selected the UnSs in all three probe trials (100%), and the remaining three subjects did so in two of three trials (66%). As a group, the dogs chose the UnSs in 87.5% of the trials, compared with choosing the negative stimuli in 12.5% of the trials. In Probe 2, half of the dogs chose the positive stimuli in all of the probe trials (100%), and the other half did so in two of three trials (66%). As a group, the dogs responded to the positive stimuli in 83.5% of the trials, compared with choosing the UnSs in 16.5% of the trials.
The analysis of the subjects' individual data showed that S3 and S6 obtained 100% correct responses in both probe types simultaneously. S1 and S2 committed only one mistake in an exclusion trial. S4, S7, and S8 made one mistake in one novelty control trial. S5 made one mistake in each of the two probes, presenting the poorest performance. Exclusion performance must only be considered a possibility when analyzing the pooled results from both probes. Correctly responding to the UnSs in Probe 1 trials (S -/UnS) might only be considered evidence of choosing by exclusion if the subjects also correctly responded in the Probe 2 trials, which were intended to investigate control by novelty. For example, correctly responding in all Probe 1 trials but having poor performance in Probe 2 trials would only indicate control by novelty. The subject was likely to respond to the novel stimuli despite previous experience with the different functions of the training stimuli. Binomial tests were conducted by considering the number of correct responses separately in each probe type for each subject.
The results were then pooled to estimate the probability of presenting a certain number of correct responses by chance in Probe 1 and Probe 2 simultaneously. Figure 3 presents subjects' performances in both probes. Seven of eight subjects presented a significant result in the pooled probability (p < .05), meaning that performance in Probes 1 and 2 pooled was significantly greater than what would be expected by chance, indicating exclusion performance. The only exception was S5 (p < .13). This dog also made more mistakes and needed more training sessions until the learning criterion was met during baseline training. 
Discussion
The simple discrimination repertoire was rapidly acquired by the dogs. All of the subjects were able to learn the different functions (i.e., positive and negative) of the visual stimuli. These results corroborate findings reported by other researchers that involved three-dimensional objects as visual stimuli (Costa & Domeniconi, 2009 ) and two-dimensional images pictures presented on a computer screen (Aust et al., 2008) . Considering exclusion performance, the pooled results from both probes showed that seven of eight dogs correctly made a choice between two stimuli by exclusion. This means that they excluded the already known S -alternatives that had a previous negative function in training and chose the UnSs. Control by novelty could not account for this performance in which the subjects significantly chose the previous positive stimuli (S + ) when presented with new UnSs. These results confirm other results in the literature that showed evidence of exclusion performance in non-human animals such as dogs (Aust et al., 2008) , sea lions, harbor seals (Hanggi & Schusterman, 1995; Kastak & Schusterman, 1994; Pack, Herman, & Roitblat, 1991; Schusterman, Gisiner, Grimm, & Hanggi, 1993) , chimpanzees (Cerutti & Rumbaugh, 1993; Tomonaga, 1993) , and pigeons ( Responding by exclusion may lead to errorless or almost errorless performance because it allows individuals to respond to novel stimuli based on preestablished relations or functions of the stimuli. This performance may be controlled by selecting the positive stimuli, rejecting the negative stimuli, or both simultaneously. For example, in a conditional discrimination task, a subject may choose the undefined comparison upon an undefined sample by either rejecting the already known alternatives or selecting the undefined comparison. Defining which strategy was used requires additional tests (Johnson & Sidman, 1993) . In a simple discrimination context like the one proposed in this research, responding by exclusion depends on baseline training that attributes different functions to the training stimuli (S + or S -). Therefore, responding by exclusion can be assumed if the subjects differentially respond to the UnSs when they are required to make a choice between those and the previously trained S + or S -. Despite the strategy used (i.e., selection or rejection), exclusion trials generally lead to correct responses without directly training specific discriminations, but learning outcomes and the stability of the novel association or functional discrimination may not always be produced without additional training (Kastak & Schusterman, 2002; Pilley & Reid, 2011) . In the present study, we investigated the mere possibility that dogs can properly respond by exclusion in new simple discrimination trials. To achieve stability of the new simple discriminations, the dogs would likely require repeated exposure to exclusion trials.
With regard to the nature of the visual stimuli, we consider that using real three-dimensional objects as stimuli might have facilitated the discrimination tasks. The dogs in Aust et al. (2008) were able to use a touchscreen device but required four to five times more training to reach the learning criterion compared with pigeons and humans. This may be attributable to at least two factors. First, the required response (i.e., touching the nose to twodimensional pictures on a flat screen) is a task with little ethological relevance, which might hinder the subject's performance, generate control by unprogrammed irrelevant variables, and produce more mistakes (e.g., Dube, McIlvane, Callahan, & Storddard, 1993; Sidman, 1994; Iversen, 1997; Iversen, Sidman, & Carrigan, 1986; Lionello-DeNolf & Urcuioli, 2000; Lionello & Urcuioli, 1998) . Second, differences in visual acuity might exist. Comparative studies on visual perception between humans and pigeons under comparable conditions revealed that pigeons' visual acuity is similar to but slightly poorer than humans', although pigeons are very sensitive to hue, brightness differences, and wavelengths (Blough, 1971; Hodos, Leibowitz & Bonbright, 1976) . The vision of dogs is less sensitive to detail, complex patterns, and colors because of an inferior sensitivity to brightness (for review, see Miklósi, 2008) . Dogs also cannot see accurately at distances less than 33-50 cm because the images cannot be properly projected on their retinas (Miller & Murphy, 1995) . Although the learning criteria in our study were different from Aust et al. (2008) , all of the subjects were able to discriminate between training stimuli well above chance levels in fewer trials and training sessions. This indicates that having a procedure with three-dimensional objects might facilitate visual discrimination by dogs and that research with this species should employ more naturalistic procedures (e.g., Kaminsky et al., 2004; Pilley & Reid, 2011) .
Considering dogs' sensitivity to human social cues and gestures, the arrangements made in the present study were considered sufficient to prevent them. Studies have shown that the human social cue that dogs are most likely to follow is pointing with the index finger (Agnetta, Hare, & Tomasello, 2000; Hare & Tomasello, 1999; Lakatos, Soproni, Doka, & Miklósi, 2009; Miklósi, Pongracz, Lakatos, Topál, & Csányi, 2005; Miklósi et al., 1998; Soproni, Miklósi, Csányi, & Topal, 2001; Udell, Gligio, & Wynne, 2008; Udell, Hall, Morrison, Dorey, & Wynne, 2013) . Although dogs are usually not as accurate as when following human pointing, evidence indicates that they are also able to follow the direction of a gaze (Agnetta et al., 2000; Miklósi et al., 1998; Soproni et al., 2001; and head turning (McKinley & Sambrook, 2000; Miklósi et al., 1998; . During our procedure, these cues (i.e., pointing, gaze direction, and head turning) were controlled by keeping the hands behind the back, wearing sunglasses to avoid eye contact, and maintaining the head in a neutral straightforward position. Nonetheless, enhancing the control of social cues is possible by not having a human present while the subject makes a choice (e.g., by placing the stimuli in a separate room without visual access to the experimenters).
A final topic to be discussed is the number of probe trials per subject. Although they were reduced, it had the purpose of minimizing the effects of responding in the absence of reinforcement. Usually when investigating emergent behavior, exclusion performance included, no feedback is provided after the responses are emitted. However, it has been suggested that the interruption of reinforcement might interfere with performance when reinforcers are also not provided in cases of errors during training trials. This might cause the deterioration of stimulus control (e.g., Galvão, Calcagno, & Sidman 1992; Schusterman & Kastak, 1993; Sidman, Rauzin, Lazar, Cunningham, Tailby, & Carrigan, 1982) and an increase in behavioral variability (e.g., Antonitis, 1951; Lerman & Iwata, 1996) . In this case, a greater number of non-reinforced exclusion trials may cause more variable responses because responses to particular stimuli were not reinforced in previous trials. An alternative to increasing the number of exclusion trials would be to train more simple discriminations between pairs of stimuli (e.g., pair A, pair B, pair C, pair D, and so on) and have one reinforced exclusion trial (S -/UnS) for every training pair.
In summary, evidence that non-human animals are able to properly respond by exclusion supports the premise that potentially symbolic behaviors do not necessarily depend on high cognitive abilities such as language, which would make symbolic behavior an exclusive feature of humans (for a discussion of the language hypothesis, see Horne & Lowe, 1996) . In this case, the rudiments of symbolic behavior may rely on basic behavioral learning and conditioning principles.
